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394a Tuesday, March 8, 2011This suggests that chloroquine and NADH are competitive inhibitors for this
particular enzyme. In this study, molecular docking was used to determine
and explore potential binding of chloroquine to Plasmodium falciparum glyc-
eraldehyde-3-phosphate dehydrogenase (pfGAPDH), another glycolytic en-
zyme that shares a common cofactor with LDH. Automated docking using
Autodock 4.2 was employed to determine binding sites and binding energies
of chloroquine docked to monomeric and tetrameric forms of pfGAPDH
with and without the cofactor present.
Docking solutions for the monomer revealed two binding sites for chloroquine,
one of which was the cofactor binding pocket. In the absence of NADH, 61 %
of conformations with sufficiently low binding energy were located in the
NADH binding pocket (average binding energy of 5.943 5 0.085 kcal/
mol) with 31% in the secondary binding site (average binding energy of
4.937 5 0.025 kcal/mol). With the cofactor present, the secondary binding
pocket accounted for 100% of stable complexes with an average binding energy
of 4.8035 0.015 kcal/mol. With the tetramer, the most stable complexes
were found in a new hydrophobic pocket at the interface between the subunits
with 56% and 80% favorability in the absence and presence of cofactor,
respectively.
2128-Pos Board B114
Optimization of a BCL6 Inhibitor using the Site-Identification by Ligand
Competitive Saturation (SILCS)
Wenbo Yu, Alexander D. MacKerell, Jr.
Fragment-based drug design has developed significantly over the past ten years
and is now recognized as a successful method of lead compound generation and
optimization[1]. Computational approaches to fragment-based drug discovery
have the potential to dramatically mitigate the costs of experimental based ap-
proach. However, the majority of computational methods suffer from limited
representation of protein flexibility and solvation effects. Recently, a frag-
ment-based approach based on explicit solvent all-atom molecular dynamics
simulations (SILCS: Site Identification by Ligand Competitive Saturation)
was developed in our lab to overcome these drawbacks[2]. As a test case, we
applied this method to the BTB domain of BCL6 protein. Good agreements be-
tween calculated three-dimensional probability maps of fragment binding and
the X-ray structure of the BCL6 inhibitor 79-6[3] were found. In addition,
a more specific SILCS simulation was performed and several potential func-
tional group binding sites around the location of 79-6 were identified. Based
on the location of these functional groups, modifications of 79-6 were pro-
posed. Free energy perturbation (FEP) calculations, including FEP using the or-
thogonal space random walk (OSRW) approach[4], were applied to obtain
quantitative computational estimates of the relative free energy of binding as-
sociated with these modifications. Two FEP methods show consistent results
that the modified compound has higher binding affinity to BCL6 than parent
compound 79-6. This result indicates that the SILCS method has the ability
to qualitatively inform the optimization of small-molecule inhibitors.
[1] Schulz, M.; Hubbard, R. Curr. Opin. Pharmacol. 2009, 5, 615.
[2] Guvench, O.; MacKerell, A. D., Jr. PLoS Comput. Biol. 2009, 5, e1000435.
[3] Cerchietti, L. C.; Ghetu, A. F.; Zhu, X. and et al. Cancer Cell 2010, 17, 1.
[4] Zheng, L.; Chen, M.; Yang, W. Proc. Natl. Acad. Sci. U.S.A. 2008, 105,
20227.
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Exploring New Druggable Binding Sites of Platelet Integrin aIIbb3
Ana Negri, Sarasija Naini, Barry S. Coller, Marta Filizola.
The major ligand binding site of platelet integrin alphaIIbbeta3, an essential
receptor for hemostasis and thrombosis, lies between the head regions of its
alpha and beta subunits. The Arginine-Glycine-Aspartic Acid (RGD) cell at-
tachment sequence mediates the binding of several different adhesive plasma
proteins to integrin alphaIIbbeta3. This sequence binds to both alphaIIb and
beta3 residues in the ligand binding pocket, as well as to a divalent metal
ion contained in the beta3 subunit. We recently identified a novel alphaIIb-
beta3 antagonist (RUC-1) that binds exclusively to alphaIIb. In the present
study we searched for additional new druggable binding sites of the integrin
alphaIIbbeta3 headpiece along the conformational transition between its
closed and open (swung-out) conformations. Specifically, we considered ten
different alphaIIbbeta3 conformations resulting from a linear interpolation be-
tween the two extreme conformations of alphaIIbbeta3, and relaxed them by
multi-nanosecond molecular dynamics simulations. Each trajectory was clus-
tered by root mean square deviation over the protein Calpha atoms, and each
cluster medoid was used as an input to a recent energy-based mapping algo-
rithm (FTMAP) that searches an entire protein surface for consensus binding
regions for a number of small organic probe molecules. Our results reveal
new pockets at the beginning of the conformational transition whose structural
information might be used as the basis for rational drug design of novel ther-
apeutics targeting integrin alphaIIbbeta3.2130-Pos Board B116
A New Class of Lipidic Immunomodulators that Activate TLR-Dependent
Cascades and Cytokine Secretion
Caroline Lonez, Michel Vandenbranden, Jean-Marie Ruysschaert.
Cationic lipids are positively charged amphiphilic molecules which, for most
of them, form positively charged liposomes, sometimes in combination with
a neutral helper lipid. Such liposomes are mainly used as efficient DNA,
RNA or protein carriers for gene therapy or immunization trials. Over the
past decade, significant progress has been made in the understanding of the
cellular pathways and mechanisms involved in lipoplex-mediated gene trans-
fection (1) but the interaction of cationic lipids with cell components and the
consequences of such an interaction on cell physiology remains poorly de-
scribed. Recently, trying to explain the immunoadjuvant properties (2) of a cat-
ionic lipid discovered in our group (N-t-butyl-N’-tetradecyl-3-
tetradecylamino-propionamidine-diC14-amidine), we identified its agonistic
interaction with the Toll-like receptor 4 (TLR4), the natural sensor of LPS
(the bacterial lipopolysaccharide). This activation seems specific of the shape
and characteristics of the molecule since increasing the length of the hydrocar-
bon chains by 2 methyl groups suppresses its activity. This cationic lipid has
only limited features in common with LPS species from different bacterial or-
igin such as short hydrocarbon chains and the presence of a polar headgroup.
However, the number of chains (2 versus generally 6 to 7) and the polar head-
group (small alkylated cationic amidinium group versus the bulky polar an-
ionic headgroup of LPS) make the two molecules look very different but
surprisingly such dissimilar structures are capable of activating the same re-
ceptor(3). As compared with other adjuvants being currently developed, the
chemistry of amidine derivatives is rather simple, allowing the quick develop-
ment and screening of new derivatives.
1- Mol Ther. (2005) 11(3):336-47
2- Mol Ther. (2005) 11 (6), 960-968
3- Prog Lipid Res. (2008) 47(5):340-7
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Local Protein Surface Patch Method for Protein-Ligand Binding
Prediction
Lee Sael, Daisuke Kihara.
Characterizing the protein structures of an unknown function is an important
task in bioinformatics. Function of a protein, specifically, the type of ligand
that bind to a protein, can be predicted by finding similar local surface re-
gions of known proteins. Unlike existing methods that compare the global
characteristics of a protein fold, we propose a local surface-based approach
which can find functional similarity between non-homologous proteins. In
the proposed pocket comparison method, the pockets are segmented to sur-
face patches, which are then compared using a modified weighted bipartite
matching algorithm. The 3D Zernike descriptors, which have been found to
be successful in representing protein global surface properties (Sael L, Li
B et al. Proteins, 2008; Sael L, La D et al. Proteins, 2008) and global pockets
shape comparison (Chikhi R et al. Proteins, 2010), are used to encode the
geometric and physicochemical properties of the surface patches. By repre-
senting a pocket by a set of local patches, local similarity of binding pockets
can be captured. This is effective when pocket shapes are slightly different
due to flexibility of ligand molecules. The binding ligand prediction perfor-
mance was evaluated on a data set of 100 non-homologous proteins that
bind to either one of nine types of ligands. 84.0% of the binding ligands
were predicted correctly within the top three scores using the shape and
pocket size information, which is better than the previous method which
uses the surface of whole pocket. The performance was further improved
to 87.0% when surface properties, i.e. electrostatic potential and hydrophobic-
ity, were added. Overall, we show that proposed method is powerful in pre-
dicting the type of ligand a protein binds even in the absence of homologous
proteins in the database.
2132-Pos Board B118
A Novel Method for Guiding Protein-Ligand Docking with QSAR-Derived
Pharmacophore Maps
Sam DeLuca, Jens Meiler.
Currently, QSAR and computational ligand docking studies are valuable but in-
dependently used tools for drug design. Data from Pharmacophore maps pro-
duced by tools such as COMFA are typically compared to the results of
docking simulations by hand in a qualitative manner. RosettaLigand has
been previously successful at predicting binding poses with high resolution res-
olution (Kaufmann, et. al, Proteins, 2009). We are developing RosettaHTS, an
extension to RosettaLigand which will integrate these two methods by using
information from QSAR derived pharmacophore maps to guide the low resolu-
tion phase of ligand docking. Pharmacophore maps are generated using
Tuesday, March 8, 2011 395aBCL::PharmMap (unpublished), and contain information about hydrogen
bonding, steric bulk, and polarizability. Discrete cartesian grids describing
the hydrogen bonding ability, steric bulk and polarizability of the ligand bind-
ing site are overlaid on the protein structure, and these grids are used to score
the initial placement of the ligand prior to h fine grained docking. As the scor-
ing grids are precomputed, ligand scoring is extremely fast, and thorough
Monte Carlo sampling of the ligand binding site can be rapidly performed be-
fore to fine grained ligand docking.
This rapid initial sampling makes it possible to predict accurate binding poses
with a significantly smaller amount of fine grained sampling, decreasing the
amount of CPU time necessary to predict a single binding interaction, and in-
creasing the practicality of structure based virtual High Throughput Screening
(vHTS). The integration of structure based and ligand based vHTS techniques
allows the full range of pharmacological information surrounding a target and
drug scaffold to be considered in a single approach. This technique can be used
to rapidly develop small focused libraries for High Throughput Screening, in-
creasing the hit rate and decreasing the number of compounds that need to be
purchased for testing.
2133-Pos Board B119
Rational Design of Early Premortem Alzheimer’s Disease Diagnostic
Agents
Katryna K. Cisek, Jeff A. Kuret.
Alzheimer’s disease (AD) is a global burden; it affects over five million peo-
ple in the US, and nearly 30 million worldwide. It is a progressive neurode-
generative disease that develops over many years before cognitive and
behavioral symptoms appear. During that time, characteristic lesions called
neurofibrillary tangles (NFTs) and senile plaques accumulate in the brain. Al-
though the presence of both plaques and tangles defines AD, NFTs have spe-
cial utility for diagnosis because their appearance correlates strongly with
neurodegeneration and decline in memory. In fact, the spatial distribution
of NFTs is the gold standard of postmortem assessment and AD staging. A
challenge for porting NFT detection to premortem diagnosis is the identifica-
tion of a potent and selective NFT probe for a whole brain imaging technique,
such as Positron Emission Tomography (PET). Thus, the factors essential for
generating differential binding affinity for various proteinaceous deposits must
be elucidated.
To identify the major sources of binding affinity for protein filaments, a family
of 50 benzothiazole derivatives disclosed in patent literature was investigated
using a computational approach. The published values for compound potency
on synthetic aggregates composed of Abeta peptide and insulin using Thiofla-
vin T displacement fluorescence assays were rationalized via calculated molec-
ular properties using both partial and multiple least squares (PLS, MLS)
regression methods. Correlation of over 280 molecular properties through
PLS analysis identified molecular polarizability, hydrophobicity, valence con-
nectivity, and the rotatable bond fraction as top ranked determinants of binding
affinity. MLS revealed that the correlation coefficient for calculated vs. mea-
sured potency exceeded 0.7 when just these four descriptors were used to build
the structure-activity relationship. Most importantly, the analysis revealed that
polarizability and hydrophobicity were most important for generating differen-
tial binding affinity for Abeta relative to insulin filaments (p < 0.01, and 0.001,
respectively).
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MloK1 Ligand Binding Simulations: Induced Fit Versus Conformational
Selection
Be´la Voß, Helmut Grubmu¨ller.
Many ion channels such as the MloK1 channel are steered by ligand binding via
conformational changes. Mainly two binding mechanisms have been proposed,
induced fit and conformational selection. Using molecular dynamics simula-
tions, we studied the ligand binding mechanism of cyclic adeonise monophos-
phate at the cyclic nucleotide binding domain of the MloK1 ion channel of
Mesorizobium loti. For this binding domain, crystal structures are available
for both the ligand free as well as for the ligand bound conformation, rendering
the system an ideal prototype for studying the binding process by atomistic
simulations.
In the simulations, spontaneous binding was observed. Furthermore, reac-
tion coordinates for the ligand binding as well as for the associated confor-
mational change of the protein were determined. Together with potentials
of mean force along these coordinates calculated by umbrella sampling,
the results show a relatively fast ligand binding kinetics and a larger free
energy barrier for the subsequent conformational change. Calculated free
energy differences between both protein conformations during the absence
of a ligand allow to distinguish between conformational selection and in-
duced fit.2135-Pos Board B121
Phospholipid Binding and Membrane Attachment of the Osh4 Protein
Brent Rogaski, Jeffery B. Klauda.
Osh4 is an oxysterol binding protein (OSBP) homologue found in yeast that is
essential for the intracellular transport of sterols and for cell life. It has been
proposed that Osh4 acts as a lipid transport protein, capable of binding a single
sterol residue within a hydrophobic binding pocket and transporting it, against
a concentration gradient, from the endoplasmic reticulum to the plasma mem-
brane. Phosphoinositides (PIPs) are thought to stimulate sterol transfer by bind-
ing to the Osh4 protein surface.
In order to study how the Osh4 protein attaches to the plasma membrane, pos-
sible lipid binding sites were investigated through the use of blind docking
techniques. Model ligand compounds for phosphatidylcholine, phosphatidyl-
serine, and two PIP [PI(4,5)P2 and PI(3,4,5)P3] head groups were docked
against several conformational snapshots of the Osh4 surface to determine
possible regions favorable to interact with plasma membrane lipids. These
conformational snapshots were taken from two 25-ns molecular dynamics
simulations of the Osh4 protein complexed with ergosterol and two com-
plexed with 25-hydroxycholesterol. The PIP models frequently docked to a ly-
sine-rich region on an exposed portion of the protein’s b-barrel. This region is
bounded by a flexible surface loop that is believed to be important for Osh4-
membrane binding.
Osh4-membrane interaction was also investigated through molecular dynamics
simulations of a combined membrane and protein system. Model sterol-accep-
tor and sterol-donor membranes were constructed using CHARMM-GUI and
equilibrated for 25 ns. Key residues of the Osh4 protein that were identified dur-
ing the blind docking tests, as well as residues known to be in close contact with
these membranes upon binding, were placed parallel to the membrane surface.
Ultimately, understanding how Osh4 attaches to cellular membranes will lead
to a clear understanding how this protein transports sterols in vivo.
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Influence of Ligand Chirality on the Catalytic Efficiency of Human 3-Phos-
phoglycerate Kinase
Zoltan Palmai, David Perahia, Corinne Lionne, Judit Fidy, Erika Balog,
Laurent Chaloin.
L-nucleoside analogues form an important class of antiviral and anticancer
drug candidates. To be pharmacologically active, they need to be phosphory-
lated in multiple steps by cellular kinases. Human phosphoglycerate kinase
(hPGK) was shown to exhibit low specificity for nucleotide diphosphate ana-
logues and its catalytic efficiency in phosphorylation was also affected. Re-
vealing the mechanism of action and functional motions of hPGK gains
importance in in silico drug-design to provide efficient phosphorylation
process.
To elucidate the effect of ligand chirality on dynamics and catalytic efficiency,
molecular dynamics simulations were performed on four different nucleotides
(D-/L-ADP and D-/L-CDP) in complex with hPGK and 1,3-bisphospho-D-
glycerate (bPG). The simulation results confirm high affinity for the natural
substrate (D-ADP), while L-ADP shows only moderate affinity for hPGK.
The observed short residence time of both CDP enantiomers at the active site
suggests very weak binding affinity which may result in poor catalytic effi-
ciency shown for hPGK with D-/L-CDP. Analysis of the simulations unravels
important dynamic conditions for efficient phosphorylation replacing the single
requirement of a tight binding. These are: 1) over the strength of the binding,
the flexibility of the substrate within the binding site gains importance, espe-
cially for the phosphate groups; 2) the hinge bending motion of the domains
upon substrates binding should be more correlated and directional, and conse-
quently should imply a lower number of hinge residues; 3) the nucleotide bind-
ing site should have an increased flexibility allowing significant dynamic
freedoms for the substrates.
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Point Mutation I261M Affects the Dynamics of BVDV and its Interaction
with Benzimidazole Antiviral 227G
Shailendra Asthana, Saumya Shukla, Paolo Ruggerone, Matteo Ceccarelli,
Gabriele Giliberti, Paolo La Colla, Attilio Vittorio Vargiu.
Bovine viral diarrhea virus (BVDV) is a Pestivirus of the Flaviviridae family
and represents a major viral pathogen in cattle and other ruminants. Infection
with BVDV can result in a wide assortment of disease manifestations includ-
ing resorption, mummification, or abortion of the dead fetus. Recently the
point mutation I261M on the thumb domain was shown to confer resistance
to BDVD against 227G and other benzimidazole compounds. Here we inves-
tigated the role of this mutation by using a multidisciplinary protocol, not
involving free energy calculations on structures of the mutated complex
which are taken a priori similar to those of the wild one. Namely, we firstly
performed MD simulations on the wild and mutated BVDV RdRp proteins in
